Introduction
The molecular basis of learning and memory involves modifying neuronal synapses in response to electrical activity, a process termed synaptic plasticity. Memory formation has been divided into two temporal phases. Short-term memory formation involves changes to synaptic efficacy by modifying existing proteins. Long-term memory formation requires new gene transcription and protein production to stabilize recent changes. These long-term changes to synaptic strength take several forms. In long-term potentiation (LTP), specific synapses are strengthened. In long-term depression (LTD), specific synapses are weakened. In homeostatic plasticity, neuron-wide shifts in responsiveness maintain the maximal sensitivity of the neuron to future activity-dependent synaptic plasticity.
Arc is specifically required for long-term memory formation and affects all of these forms of synaptic plasticity. Arc, also known as Arg3.1, is found only in vertebrates but is highly conserved in this group [1, 2] . Glutamatergic neurons in the brain express Arc in response to an increase in synaptic activity in a range of behavioral and learning paradigms [3] [4] [5] [6] . Localization and stability of the transcript and protein are also highly regulated. Arc protein is not found in presynaptic terminals or axons but is highly expressed in dendrites [7, 8] , the postsynaptic density [7, 9, 10] and the nucleus [11, 12] . Arc regulates endocytosis of a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acidtype glutamate receptors (AMPARs) [13, 14] , Notch signaling [15] , and spine size and type [16] .
These distinct actions all modify synaptic strength. Removal of Arc in knockout (KO) animals results in an unusual phenotype: short-term learning is normal but lasting memories cannot be formed [17] . Arc, therefore, provides a means to understand the cellular processes of memory consolidation. However, Arc has multiple functions and responds differently to different stimuli and signaling pathways. Although much is known about how Arc is regulated and affects synaptic strength, defining a coherent mechanism for its role in synaptic plasticity and memory consolidation has proven difficult. Recent reviews eloquently described known mechanisms of Arc regulation and function in plasticity [18] [19] [20] [21] [22] [23] [24] . Here, we will summarize and update these findings. In addition, we will discuss how Arc's functions might contribute to its effects on synaptic plasticity and its role in disease.
Regulation of Arc transcription
In 1995, two labs independently identified Arc as a gene induced by seizures in the hippocampus [1, 2] . Arc expression is also induced by the increased neuronal activity that occurs in response to learning [4, 25] , brain-derived neurotrophic factor (BDNF) [26, 27] , LTP [7, 28] , LTD [29, 30] and other stimuli. Arc transcripts appear within 5 min of stimulation [4] , which makes Arc a 'rapid' immediate early gene. Such genes have transcriptional machinery poised just downstream of the start site, allowing the fastest possible transcriptional activation in response to neuronal activity [31] .
The signaling cascades that connect a change in activity to Arc transcription are complex and not fully understood.
Arc is transcribed at a low level under basal conditions and can be further decreased by activating AMPARs [32] . Arc transcription is dramatically upregulated by activating the BDNF TrkB receptor [26, 27] , group 1 metabotropic glutamate receptors (mGluR1s) [29, 30, 33] , muscarinic acetylcholine receptors [34] and NMDA receptors (NMDARs) [35] (Figure 1) . The extracellular-signal-regulated kinase (ERK) is a central node of the signaling pathways downstream of these receptors and is required for increases in Arc transcription. Once activated, ERK phosphorylates a coactivator of the serum response factor (SRF), such as Elk-1, a ternary complex factor (TCF). This complex binds serum response elements (SREs) in promoter regions to activate transcription [36] . The major SRE-responsive region in Arc's promoter is 6.5 kb upstream of the Arc coding sequence [27, 37] (Figure 1) . Although the sequence 
